Nabicol (B. napus L. var. pabularia) is a traditional crop in the Northwest of Iberian Peninsula (South of Galicia and North of Portugal) where it is grown during the winter season on small farms and gardens using traditional varieties. A collection of 36 populations of nabicol from Galicia (northwestern Spain) was evaluated during 2002 and 2003 in two locations and two growing seasons (spring/summer and autumn/spring) for 28 agronomic and morphological traits. The objectives of this study were to: (i) evaluate a collection of nabicol landraces from northwestern Spain, (ii) determine the suitability of this germplasm as a summer crop and (iii) study the genetic diversity among local populations. Significant differences were observed among populations for most traits. Genotype × environment interaction was significant for most of them. Spring/summer growing season could be recommended for growing nabicol but resistance to Lepidoptera pests attacking Brassica crops should be improved. Most populations had an agronomic value similar to the commercial variety. The most promising variety for horticultural use was MBG-BRS0063, which showed the highest yield. Morphological and agronomic data were subjected to cluster analysis and four groups were defined with a group clustering most populations. The low genetic diversity could be explained because populations were collected in close geographical areas and the selection made by farmers was always for a horticultural use. These results give information about the diversity and breeding value of the nabicol Spanish germplasm, which could be useful in breeding programs.
Introduction
The main use of Brassica napus L. in the world is for oilseed production. In several European countries, B. napus crops are also grown for edible leaves for both human consumption and fodder, and they belong to B. napus var. pabularia group. There are different common names for these crops such as Siberian kale, rape kale or Hanover salad. In Galicia (northwestern Spain), they are mainly used for human consumption with the common name of 'nabicol' (Cartea et al., 2005) . Initially, the nabicol crop was classified as a tetraploid of Brassica oleracea (L.) but further cytological (Ordás & Baladrón, 1985) and isoenzymatic studies (Arús et al., 1987) classified this crop as B. napus.
Nabicol is an important vegetable in the Northwest of the Iberian Peninsula (South of Galicia and North of Portugal) where traditional varieties are grown during the winter season on small farms and gardens. At present, B. napus is a minority crop compared with other Brassica crops grown in Galicia, but its use is expanding and in some areas it has replaced other traditional crops, such as turnip-greens and/or turnip-tops (B. rapa L. ssp. rapa). Several taxonomic studies and agronomic evaluations for Brassica landraces grown in the northwestern of Iberian Peninsula have been published by different authors in Portugal (Monteiro & Williams, 1989; Dias et al., 1993; Dias & Monteiro, 1994) and in Spain Picoaga et al., 2003) . These works showed a wide morphological and genetic variability among B. oleracea crops. However, B. napus germplasm has been scarcely studied and there is no information concerning the morphological and agronomic attributes of nabicol crops grown in Galicia for human consumption. Only two previous studies were done on nabicol populations concerning their origin and genetic diversity (Cartea et al., 2005) and their content of fatty acids and glucosinolates on seeds (De Haro et al., 1995) .
Although wild populations of B. napus have not been found and its origin is not entirely clear, it is believe that B. napus was originated in southern Europe. It probably appeared first in an agricultural environment where the two parents, B. oleracea and B. rapa, were present (Gómez-Campo & Prakash, 1999) . The origin of the local nabicol populations grown in Galicia is also unclear. Cartea et al. (2005) studied the relationships among Galician and British B. napus germplasm for horticultural use using RAPD markers and showed that Spanish and British populations might have an independent origin and the Spanish entries had a lower diversity.
Since other crops of the species such as rape (B. napus var. oleifera) or rutabaga (B. napus var. rapifera) may be grown in two seasons, spring/summer and autumn/winter, nabicol populations may also be able to grow throughout two growing seasons but such ability has not been studied yet. Rape winter cultivars are usually more productive (Kimber & McGregor, 1995) but in some cases, spring cultivars have a higher yield than winter ones (Rife & Zeinali, 2003) . The effect of planting date on yield components has been studied on other Brassica crops such as Brussels sprouts (Everaarts & de Moel, 1998) , cauliflower and broccoli (Mihov & Antonova, 2001 ) and rape (Auld et al., 1984; Miralles et al., 2001) . Under the environmental conditions of northwestern Spain, the spring/summer season would permit to harvest the leaves from March until July and to perform a second sown in September. In this way, product for fresh market could be obtained during almost all the year.
The objectives of this study were: (i) to evaluate the agronomic and morphological characteristics of nabicol landraces collected throughout northwestern Spain, (ii) to determine the suitability of this germplasm as a summer crop and (iii) to study the genetic diversity among local populations.
Material and methods
A collection of 36 populations of nabicol (B. napus var. pabularia) was evaluated in this study. Thirty five populations are landraces collected throughout northwestern Spain (Cartea et al., 2005) and one is a commercial population from North of Portugal used as a check. Seeds of the local populations were collected in the eighties directly from the growers and they are currently maintained in cold storage at the Misión Biológica de Galicia since then (Ordás & Baladrón, 1985) . The populations were evaluated during 2 years (2002 and 2003) (IBPGR, 1990) (Table 1) . Individual analyses of variance were performed for each trait according to the analysis for a 6×6 triple lattice design (Cochran & Cox, 1957) . Means adjusted for lattice block effects were obtained using the LATTICE procedure of SAS (SAS Institute, 2000) and were used in the combined analysis across environments. Environments, populations and population × environment interaction were considered fixed effects. The pooled error mean square was calculated as reported by Cochran & Cox (1957) . Comparisons of means were performed for each trait using Fisher's protected least significant difference (LSD) at p = 0.05 (Steel et al., 1997) . Analyses were made using the GLM procedure of SAS (SAS Institute, 2000) .
The Ward-MLM (Modified Location Model) program of SAS (Franco et al., 1998 ) was used to compute the similarity and distances matrices among observations using the Gower's distance (Gower, 1971) . Groups were formed using the UPGMA (Unweighted Pair Group Method Using Arithmetic Averages) clustering method (Romesburg, 1984) with the Gower's distance which allows the use of continuous and discrete variables simultaneously. All computations were performed using the NTSYS-PC package (Rohlf, 2000) .
Results and discussion
Brassica napus var. pabularia is cultivated in Galicia (Northwest Spain) in a small area, mainly in the coastland, with a homogeneous climate conditions. Only a few varieties are cultivated in inland regions. Both locations chosen in this work, Pontevedra and Fornelos de Montes, represent this two different environments, Pontevedra as a coastland region and Fornelos as an inland region. In Fornelos de Montes during spring/summer season, varieties had a poor development because the soil and climate conditions were not the optimum for this crop. In most cases plants could not reach a reproductive stage. For this reason data were available only from three environments. There were, environment 1: spring/summer season in Pontevedra (coast area); environment 2: autumn/spring season in Pontevedra; and environment 3: autumn/spring season in Fornelos de Montes (inland area). The analysis of variance combined across environments showed that populations were significantly different for early vigor, fresh yield, dry yield, traits related to plant morphology (plant height, stem width, petiole length, and number of secondary stems), traits related to earliness (days to flowering, days to maturity, period of flowering, and days to formation of siliques), and those related to seed yield (silique length and number of seeds per silique) ( Table 2 ). Differences among environments were significant for all traits and the environment × population interaction was significant for most of them (Table 2 ). In spite of this interaction, populations were stable for most traits, having a similar performance for most traits in the environments 1 and 2, although the agronomic value was different in the environment 3 (data not showed). The genotypes with highest yield and best early vigor coincides in the environment 1 and 2, but not in 3. The two first environments represent suitable conditions for nabicol crop while environment 3 represent stress conditions, with high annual rainfall, cool temperature at early vege- Concerning the agronomical traits more related to the horticultural use of this crop, both fresh and dry yields would be the most important ones. In spite of significant environment × population interaction for both traits, populations differed significantly ( p < 0.05) only in the environment 2 (data not showed). Overall environments, MBG-BRS0063, a population come from coastland, showed both the highest fresh yield (5.8 t h −1 ) and dry yield (4.6 t h −1 ) while the fresh and dry yields for the commercial variety were 2.4 and 1.4 t h −1 , respectively (Table 3) . MBG-BRS0063 also presented tall plants and intermediate values for early vigor (3.1), days to flowering (157 days) and days to maturity (238 days). In contrast, two populations, MBG-BRS0329 and MBG-BRS0356, showed MBG-BRS0014 3.1 (2.9-3.4) 2.6 (0.7-3.6) 1.5 (0. the lowest values for most agronomic traits, including fresh and dry yields (Table 3) . Both populations were collected from the inland of Galicia and they might be not adapted to the environmental conditions of the coast region where crop is usually grown and where experiments were carried out. Early vigor is an important agronomic trait because show the ability of genotypes to compete with weeds, which are abundant in this region. Differences on days to flowering and maturity were observed among populations. Earliness was not related to the geographical origin of the germplasm being evaluated. MBG-BRS0035, MBG-BRS0034, and MBG-BRS0037 were the earliest (less than 130 days to flowering and less than 215 days to maturity) and differed significantly from the commercial variety for days to flowering whereas MBG-BRS0356 was the latest (182 days to flowering and 265 days to maturity). Regarding plant height, two accessions, MBG-BRS0107 and MBG-BRS0134 were the highest populations.
Populations were similar for qualitative traits related to plant morphology such as leaf lobes, plant growth habit, leaf color, leaf hairiness, and leaf bloom (data not showed). Leaves were glaucous and without hairiness, similar to kales and cabbages (B. oleracea) and unlike turnips (B. rapa). The populations showed the same plant growth habit (tall plants with a lot of secondary stems), except two of them, MBG-BRS0356 and MBG-BRS0378, which had a different plant morphology. Morphological diversity within each population was observed for the above mentioned traits because of some degree of cross-pollination may occur in nabicol, as it happens in rapeseed (Becker et al., 1992) .
As we mentioned above, Fornelos (environment 3) represented stress conditions. Although the plants showed less damage by Lepidoptera pests and lodging in this environment, the fresh and dry yield were lower than the other two environments, and the populations showed short plants with less leaves (Table 4 ), suggesting that its appropriate to grow this crop in the coastland.
Although nabicol is a cool season crop, we have studied the agronomic performance of local populations grown as spring/summer crops to evaluate their potential for fresh market in hot season. To evaluate the populations performance in different growing seasons, comparisons were made between environments 1 and 2 (Table 4 ). All populations had a normal development in spring/summer season except MBG-BRS0356, which did not reach the flowering stage in the hot season. The populations had a best agronomic performance in their early growth phases for some traits in the spring/summer season. They showed less lodging, more secondary stems, and better early vigor than in autumn/spring season (Table 4) . Temperatures and photoperiod were high in the spring/summer season contributing to a fast development of the plants. However, genotypes were more attacked by Brassica pests in the spring/summer season than in the autumn/spring season. Damage rating and percentage of plants attacked by larvae of Brassica pests were higher in spring/summer than in autumn/spring (Table 4) because the vegetative stage of crop development coincide with the peak of the larval populations of Lepidoptera pests and consequently, genotypes cannot escape to larval attack. Regarding the earliness, the populations started to flower 72 days before and reached the maturity stage 89 days before in spring/summer growing season than in autumn/spring season and fresh and dry yields were reduced by 30 and 25%, respectively in spring/summer season. Yield loss caused by modification in the sowing date has also been reported in other Brassica crops, such as rape (Mendham et al., 1981) or broccoli (Mihov & Antonova, 2001 ) while the delay of flowering in late seasons has been observed in rape (Mendham et al., 1981; Auld et al., 1984) . Furthermore, populations had the best performance for seed traits when they were grown on the autumn/spring growing season, i.e., the traditional date.
Although nabicol populations sowed a reduction on fresh and dry yields in the spring/summer season, the agronomic performance was good enough and similar to commercial variety except for resistance to Brassica pests. Particularly, MBG-BRS0063 showed the highest yield (fresh and dry) but it had a high damage rating and high percentage of damaged plants in the spring/summer season (data not shown) and consequently, most leaves cannot be used for human consumption in fresh market. Some populations evaluated in this work showed certain level of resistance under high natural infestation conditions (data not shown), as they occurred in spring/summer season, and they could be used to improve resistance on MBG-BRS0063. On the other hand, sources of resistance on Brassica oleracea germplasm grown in Galicia have been identified in a previous experiment under artificial infestation with Mamestra brassicae .
In the cluster analysis, the 36 populations were grouped into four clusters (Figure 1) . The cluster A, composed by nine populations, included the earliest Means with the same letter within the same row do not differ significantly (LSD 5%).
accessions being also characterized for having a high number of secondary stems. The cluster B was the largest and included most of the local populations along with the commercial variety (MBG-BRS0373) from the North of Portugal. This cluster grouped midseason populations from different origin (inland and coastal regions) and it was possible to distinguish two subgroups. Subgroup B1 formed for most populations and subgroup B2 formed for two accessions MBG-BRS0063 and MBG-BRS0113. The population MBG-BRS0063, as previously mentioned, had the best agronomic performance with the highest yields and low lodging whereas MBG-BRS0113 was characterized by high values for traits related to seed yield as number of seeds per silique, weight of 1000 seeds, and silique length. The clusters C and D were separated from the main groups, each of them formed by one accession. Cluster C is constituted by MBG-BRS0378 (inland population) which was late for flowering and maturity and showed a plant growth habit different from other populations. Cluster D is formed by one accession, MBG-BRS0356 (inland population), which was extra late and characterized by short plants without secondary stems, and low yields. These 36 populations were mainly grouped by their earliness and were not related to their geographic origin (inland and coastland) of material. Results of the present work coincide with the classification of the same landraces performed by Cartea et al. (2005) using RAPD markers who grouped most populations in one cluster. Howewer, results of this work are in disagreement with the morphological classification of Brassica oleracea landraces from Portugal performed by Dias et al. (1993) , who grouped the populations on the basis of their geographical origin and not on the basis of their morphological differences. The low level of genetic variability among nabicol germplasm grown in Galicia showed by the cluster analysis could be attributed to a common genetic origin (Cartea et al., 2005) and also to the small geographic area (near the border with Portugal) where this crop is grown.
In conclusion, the nabicol populations evaluated in this study showed a good agronomic performance, like the commercial variety, and they could be recommended for fresh production by growing as autumn/spring crops. In spite of the low genetic diversity observed, MBG-BRS0063 was the most promising population, displaying desirable agronomic traits and high yields and, it could be used directly by growers or be included in selection programs. The spring/summer growing season could be recommended for growing nabicol but resistance to Lepidopterous pests attacking Brassica crops should be improved.
These results demonstrate the diversity and breeding value of nabicol germoplasm. acknowledges a fellowship from the Cabildo Insular de la Palma.
